INTRODUCTION
On a global scale, dolomite is the second most abundant carbonate mineral and it is an important constituent of numerous carbonate aquifers. However, pure dolomite aquifers are rare since dolomite generally coexists with other carbonate minerals (i.e., calcite) and dolomite layers are frequently interbedded with evaporite levels, containing gypsum, halite and other soluble halides. As a consequence, it is very difficult to define the geochemical baselines of groundwater circulating in dolomite aquifers because the presence of small amounts of highly soluble minerals can strongly affect major and trace elements distribution in groundwater (Frondini, 2008) . Furthermore, natural dolomites show structural and compositional variations, with deviations from the theoretical Mg/Ca stoichiometric ratio (Goldsmith and Graf, 1958; Lumsden and Chimahusky, 1980) . Deviations from ideal behaviour are also observed on dolomites synthesized at temperatures lower than 200°C (Arvidson and Mackenzie, 1999) . Despite their apparent simplicity, water-rock interaction
GEOLOGICAL AND HYDROGEOLOGICAL SETTING
Dolomites are the southernmost part of a major structural unit of the Alpine Chain, the so-called Southern Alps fold-thrust belt (Doglioni, 1987; Doglioni and Bosellini, 1987; Castellarin et al., 1998; Bosellini et al., 2003) . The present geological setting of Dolomites is the result of a complex history characterised by various magmatic and tectonic events. During Permian and Lower Triassic, a rifting phase, preceded by Lower Permian massive magmatism, broke the area into N-S trending basins characterised by different degrees of subsidence (Doglioni, 1987) . Middle Triassic was characterised by transtensional tectonics and by a Late Ladinian volcanic event (Bosellini et al., 2003) . During Jurassic times, when the Ligurian Ocean (western Tethys) opened to the west of the Southern Alps, the Dolomites became an internal part of a passive continental margin (Bosellini, 1973; Doglioni, 1987) . After this long period of extensional and transtensional deformations, the region was involved in a ENE-WSW Late-Cretaceous Early-Tertiary compression, producing a WSW-vergent thrust belt in the central-eastern Dolomites (Doglioni and Bosellini, 1987) . Finally, during the Neogene, the Dolomites became the innermost part of a south-vergent thrust belt. Most of the present elevation of Dolomite mountains has been generated during this phase (Doglioni, 1987; Schönborn, 1999) .
The stratigraphic sequence of the region reflects its tectonic and palaeogeographic evolution and is characterised by a Paleozoic crystalline basement, a Lower Permian Porphyry Plateau, and a Permian to Cretaceous sedimentary succession, unconformably overlying the Lower Permian volcanics and the Paleozoic crystalline basement.
The sedimentary succession begins with Upper Permian continental red beds (Arenarie di Val Gardena Formation or Grödner Sandstein; von Richthofen, 1860; Massari and Neri, 1997) , followed by Late Permian transitional and shallow marine evaporites and carbonates (Bellerophon Formation; Hörnes, 1876; Stache, 1877 Stache, , 1878 Bosellini and Hardie, 1973; Massari and Neri, 1997) and a Lower Triassic complex succession of shallowwater terrigenous and carbonate deposits (Werfen Formation; von Wittemburg, 1908) . During the early Middle Triassic, differential movements along fault blocks produced N-S trending structural highs and lows, creating the conditions for carbonate platforms development. From Anisian to Ladinian, numerous carbonate platforms developed in the Dolomites area, such as (from bottom to top) Lower Serla Dolomite, Upper Serla Dolomite, Contrin Formation, Sciliar (or Schlern) Dolomite, Marmolada Limestone and Latemar Limestone. Some of them rapidly reached a thickness of 800-900 m (e.g., Sciliar Dolomite, Marmolada Limestone), while the adjacent basins were characterized by the deposition of thinner sequences of limestones, marls and cherty limestones, attributed to different units, such as (from bottom to top): Dont Formation, Monte Bivera Formation, Ambata Formation, and Buchenstein Formation. The latter unit also includes green tuffites ("pietra verde" Auct.), linked to a volcanic event of regional extension. During Upper Ladinian, the region was involved in a large tectonomagmatic event that produced a great number of shoshonitic basaltic dykes cutting the carbonate platforms, while heterogeneous megabreccia bodies accumulated in the basins. In some cases true volcanic edifices grew until they emerged above the water. The volcanoclastic and epiclastic products, constituting the Wengen Formation, partly filled the basinal depressions and a few platforms, close to the volcanoes, were buried beneath the volcanic volcanoclastic and epiclastic products (Bosellini et al., 2003) . Once the volcanic activity ended, a new generation of carbonate platforms developed during upper Ladinian-Carnian (Cassian Dolomite), accompanied by the filling of the various basins (San Cassiano Formation) and the progressive flattening of the submarine topography. During the upper Carnian, the previous platform/basin systems were replaced by a variety of shallow-water environments (terrigenous, evaporite and carbonate sediments of the Raibl Formation) and, after that, the vast carbonate platform of Dolomia Principale Formation (or Hauptdolomit, von Guembel, 1857; Lepsius, 1876) established over large portions of the Alpine region (Bosellini and Hardie, 1988) . At the end of the Triassic, the paleogeography of the Dolomites area changed radically with a sequence of N-S basins and large carbonate platforms, produced by the distensive regime related to the development of the passive margin (Bosellini, 1973) . The study area was characterized by a large carbonate platform known as Trento Platform, where the sediments of the Calcari Grigi Formation were deposited. During Jurassic, the carbonate platform was completely submerged and transformed into a high pelagic plateau. A very fine sediment, known as Rosso Ammonitico, accumulated at the bottom of this basin. With the end of the Jurassic and the beginning of the Cretaceous, the entire Dolomites area was characterized by the deposition of pelagic sediments. The geological structures considered in the present work are Sassolungo (also known with the German name Langkofel) and Sella group (Fig. 1) , two of the main Triassic carbonate platforms of the Dolomites.
The Sassolungo (3179 a.s.l.) is an isolated mountain stock with an area of about 9 km 2 , rising from an erosion surface at about 2000 m a.s.l. to more than 3000 m a.s.l. of its highest peaks. It is a thick Anisian-Ladinian carbonate platform (chiefly constituted by the Sciliar Dolomite), eteropic with in a series of marls, marly limestones and volcanic-volcaniclastic rocks of the same age, that overlies the Lower Permian volcanic series, the Upper Permian Bellerophon Formation and the Lower Triassic Werfen Formation (Engelen, 1974) . Large Quaternary Sambugar et al. (2006) . **Analysis of snowmelt are from Seyhan et al. (1985) .
deposits surround the platform. The Sassolungo dolomite aquifer ( Fig. 2a) is hosted into the Sciliar Dolomite formation. Open fissures and joints developed under tectonic stress and karst development are the most important causes of porosity and permeability. Groundwater discharge ( Fig. 2b) occurs from (i) small springs within the structure, (ii) some larger springs located at the border of the platform where it contacts the surrounding low permeability formations, and (iii) few large springs in the quaternary deposits, far from the carbonate structure (Engelen, 1974; Seyhan et al., 1985) . The Sella group is a plateau shaped massif located east of Sassolungo, with an area of about 31 km 2 , and a maximum elevation of 3151 m a.s.l. (Piz Boè). The stratigraphy of Sella group from Permian to Middle Triassic is analogous to that observed at Sassolungo, but here the sedimentary sequence extends up to Lower Cretaceous and includes, from the bottom to the top, Sciliar Dolomite (Ladinian-Anisian), Raibl Formation (Upper Carnian), Dolomia Principale (Upper Carnian-Norian), Calcari Grigi Formation (Rhaetian-Lias), Rosso Ammonitico (Dogger-Malm) and Marne del Puez Formation (Lower Cretaceous). The main aquifer of the structure is hosted into the Sciliar Dolomite Formation, outcropping from about 2000 m a.s.l. to more than 2500 m a.s.l. (Fig. 2a) , but smaller perched aquifers are also present in the Upper Triassic to Lower Cretaceous formations (including Dolomia Principale Formation) that overlie the Sciliar Dolomite. The low permeability Raibl Formation (Upper Carnian) locally acts as an aquitard separating the main aquifers from the small overhanging perched aquifers. Groundwater discharge occurs both at the border of the plateau and within the massif (Fig. 2b) .
The mean annual precipitation of the area generally exceeds 1000 mm/year (Seyhan et al., 1985) , average temperature at 1000 m a.s.l. varies from about 0°C in January to about 21°C in July-August and the perennial snow starts from different altitudes depending on the face side, around 2.800 m a.s.l. at south and about 2.300 m a.s.l. at north.
MATERIALS AND METHODS

Groundwater sampling and chemical analysis
During pure HNO 3 . Sulfate, NO 3 -, Cl -and F -were determined by ion-chromatography. Calcium and Mg were determined by atomic absorption (AA) flame spectrometry, using the HCl acidified sample for the determination of Ca; Na and K were determined by atomic emission (AE) flame spectroscopy. Trace and ultra-trace elements were determined by ICP-MS on the samples acidified with 1% ultra-pure HNO 3 . All the laboratory analytical methods and the field alkalinity determinations have accuracy better than 2%. The total analytical error, evaluated checking the charge balance, is about 2.5% on average and is lower than 2% for about 50% of the samples. The dataset has been integrated with the analyses of 2 relevant springs taken from Sambugar et al. (2006) and with data of snow melt from Seyhan et al. (1985) . The locations of the sampling points are shown in Fig. 2 and the results of the chemical analyses for major ions are listed in Table 1 . Trace elements distribution data were analysed by descriptive statistics and the analytical results for trace elements are summarized in Fig. 8 (see Subsection "Trace elements distribution in groundwater and in dolomite samples").
Isotopic analysis of groundwater
Twenty four springs were sampled for isotopic analysis of water and for isotopic analysis of total dissolved inorganic carbon (TDIC). Water samples for 18 O and 2 H analysis were collected in 100 mL glass bottles and analysed by mass spectrometry. Water samples for carbon isotopic composition of TDIC were collected in 1000 mL glass bottles and saturated with SrCl 2 and NaOH, directly in the field, to precipitate dissolved C as SrCO 3 . Isotopic analyses were performed by mass spectrometry on the CO 2 gas liberated from the precipitate by reaction with 100% H 3 PO 4 under vacuum.
Finally, five selected springs were sampled for the determination of tritium ( 3 H) activity by proportional beta counting after tritium enrichment by electrolysis.
All the isotopic determinations were performed at the IGG-CNR Pisa isotope laboratory. The results of the isotopic analyses are listed in Table 2 . The standard error for δ 13 C and δ 18 O is ±0.10‰, for δ 2 H is ±1.00‰, and for tritium the analytical error ranges from 0.7 to 1.2 TU (about 10% of the measure).
Chemical, isotopic analysis of dolomite rock samples
In order to describe the chemical and mineralogical features of the aquifer-forming rocks, three samples of the Sciliar Dolomite Fm. (DS1, DS2 and DS3) were collected on the eastern face of Sassolungo and one sample of the Dolomia Principale Fm. (DP1) was collected near the top of Piz Boè, the highest peak of Sella Group (Fig.  1) .
The four samples were preliminary analysed by a Scanning Electron Microscopy equipped with an Energy sampled and analysed. For each spring, flow rate, temperature, electrical conductivity, pH, Eh, silica concentration and alkalinity were measured in the field. Alkalinity determination was performed by acid titration with HCl 0.1 N using methyl orange as indicator. Water samples for laboratory analyses were filtered with 0.45 µm filters and collected in three 100 mL polyethylene bottles. Two bottles were immediately acidified, one with 1 mL of concentrated HCl, the other with 1 mL of ultra-Dispersive system (SEM-EDS). Moreover, major, minor and trace elements concentrations of bulk samples were determined by Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry (LA-ICP-MS), using a laser ablation instrument with Nd:YAG beam at 213 nm (Jeffries et al., 1998) coupled with a "Thermo Electron X7" ICP-MS, according to the procedure described in Petrelli et al. (2008) . In order to assess the reliability of the results, a set of certified standards (DWA-1, AWI-1, CCH-1, PRI-1, MAG-1) were used. Finally, the carbon and oxygen stable isotope compositions of samples DS1 and DP1 were determined by mass-spectrometry at the IGG-CNR Pisa isotope laboratory. The analytical error for all major, minor and trace elements was better than 10%. The standard error for both δ 13 C and δ 18 O determinations is ±0.10‰. The analytical results are listed in Table 3 .
Mineralogical analysis
X-Ray Powder Diffraction (XRPD) and Single Crystal Diffraction (SC-XRD) analyses were used in order to both obtain the quantitative composition of coexisting phases in the studied samples and refine the crystal structure of the dolomites.
The XRPD analysis was carried out at room temperature by means of a Philips PW-1830 diffractometer with Cu-Kα radiation (λ = 1.5406 Å). The diffraction patterns were collected in a Brag-Brentano geometry (θ-2θ) within a 5°-130° 2θ range.
Step size and step time were 0.03°a nd 18 s respectively. The apparatus was provided with graphite monochromator. The voltage and current intensity of the generator were set at 40 kV and 30 mA respectively. The quantitative phase analysis was approached by using the Rietveld method (Rietveld, 1969) as implemented in GSAS-General Analysis System Software (Larson and Von Dreele, 2000) and the unit cell parameters of the minerals were refined by using the Le Bail method (Le Bail et al., 1988) . Data refinements were carried out starting from atomic coordinates and cell parameters of dolomite (Reeder and Wenk, 1983) , calcite (Graf, 1961) , albite (Prewitt et al., 1976) and gypsum (Comodi et al., 2008) , together with scattering factors for neutral atoms. Background was fitted with a 17-terms Chebyshev polynomial function and diffraction patterns were modelled by a pseudo-Voigt function with three Gaussian and two Lorenzian coefficients. Scale factor, instrument zero point, lattice constants and profile coefficients were refined for each phase. The March-Dollase formulation for preferred orientation correction was applied using [104] and [006] directions for dolomite in samples DS1, DS3 and DP1; whereas in the sample DS2, [104] and [101] directions were used. As regards calcite and gypsum, [104] and [020] directions were used, respectively. Since dolomite is the most abundant mineral phase in all the samples and the cumulative contribution of other phases is lower than 10 wt.% (Table 4) , atomic coordinates and isotropic thermal parameters of dolomite were also refined in the last refinement step. Collected and refined powder diffraction patterns are shown in Fig. 3 and results of quantitative phase analysis are listed in Table 4 Table S1 for results about atomic positions and isotropic thermal parameters for dolomite. Since the possible occurrence of cation disordering in dolomite structure (Reeder and Wenk, 1983) , the refinement of cationic sites occupancy was also necessary in order to asses the crystal structure of the dolomite samples. However, experiments have recently shown that refining sites occupancy from XRPD data may lead to a non-correct interpretation of disordering in dolomite (Zucchini et al., 2012) . That is, SC-XRD data were collected for the four dolomite samples. An Oxford diffraction Xcalibur diffractometer with CCD detector and MoKα radiation (λ = 0.7107 Å, graphite monocromated) was used. Detector distance to the sample and pixel size were 66.8 mm and 60.6 µm, respectively. Data collection was carried out in ω-scan mode. Exposure time and step width were set in the ranges of 15-20 s and 1.0°-1.5°, respectively. Data reduction was carried out by means of XCrysAlis software (Oxford Diffraction, 2009 ) and empirical absorption correction was approached with ABSPACK suite (Oxford Diffraction, 2009 ). Data refinement was performed using SHELX-97 program (Sheldrick, 1997) . Refined parameters were the atomic positions, the sites occupancy and the anisotropic displacement parameters. Data collection parameters and results of data refinement in terms of lattice constants and cationic sites occupancy are listed in Table 5 . See Supplementary Table S2 for results about dolomite crystal structure refinement from SC-XRD data.
RESULTS AND DISCUSSION
Chemical and mineralogical characterization of rock samples
SEM-EDS data confirm the presence of Ca and Mg,
Fig. 3. X-ray diffraction patters for DP1, DS1, DS2 and DS3 samples (from the top left to the bottom right). The red crosses are the observed data and the green profile are the calculated pattern. The difference curve is shown in purple. Bars at the bottom of the graphs are the mineral phases reference diffraction peaks; see the legends to attribute colours to phases.
the two major constituents of dolomite, as well as the virtual absence of minor elements like Fe and Mn. Based on these observations and the results of ICP-MS analysis (Table 3) , dolomite samples are nearly stoichiometric with chemical formula Ca 1.1(2) Mg 0.9(2) (CO 3 ) 2 . Sr is the most abundant trace element in the analysed samples. Its values range from approximately 45 to 80 ppm in agreement with the lower bound of the range supposed for dolomite, i.e., 53-2469 ppm (Weber, 1964; Nothdurft et al., 2004; El Hefnawi et al., 2012) . Sr is followed by Zn > V > Cr > Cu > Y in agreement with Weber (1964) . All the samples are depleted in Ba with respect to literature values (Land, 1980; Wanas, 2002) . The reason for such depletion as well as for the relatively low Sr concentrations, might be the ionic radius rule under burial depth (Chen et al., 2013) ). Quantitative phase analysis shows that dolomite is the most abundant mineral phase, with weight percentages >93% (Table 4) , accompanied by minor amounts of calcite and Mg-calcite, albite and gypsum (<1%).
Dolomite cell parameters, as refined by the Le Bail method (Le Bail et al., 1988) (Table 4) , lies within the ranges for stoichiometric dolomites, i.e., a = 4.8033-4.815 and c = 15.984-16.119 (Althoff, 1977; Steinfink and Sans, 1959) . Dolomite crystal structure has been well-refined from SC-XRD analysis for all the four collected samples, i.e., the agreement index, R 1 , lies within ~4.5% for all samples (Table 5) . By analysing the cation distribution in dolomite, the lack of a substitutional (configurational) disorder in the crystal structure of the mineral is observed, since the Ca occupancy of A site is complete (Table 5) . In contrast, a disorder of compositional type is present owing to the slight enrichment in Ca (indicated by crystal chemistry), which evidently substitutes Mg in B site. Additionally, the occurrence of a configurational type of disorder may be evaluated by measuring the z coordinate of C atom of the CO 3 group-z C - (Reeder and Wenk, 1983) which has to approach the 1/4 special position as disorder increases. Refined values (Table 5) indicate that, for all the four samples, z C has values far from 1/4, ranging from 0.2427 (2) Å to 0.2438 (2) Å. Therefore, the presence of a configurational disorder in the crystal structure of the studied dolomites may be excluded.
Chemical composition of groundwater
The sampled waters show a Ca-Mg bicarbonate composition (Fig. 4a) tration is very low (2.5 mg/kg on average), more than one order of magnitude lower than drinking water limits (50 mg/kg) set by WHO and EU (European Council, 1998) , denoting the absence of significant contamination processes. Mg and Ca are the main cations and their molal ratio varies from Mg/Ca = 0.3 to Mg/Ca = 1 (Fig. 4b) . In the diagram, where the samples are compared to the theoretical dissolution lines of pure stoichiometric dolomite and dolomite with a 10% calcium excess, approximately 50% of the samples plots between the two theoretical lines. Aqueous speciation calculations, performed with the PHREEQC2 computer code (Parkhurst and Appelo, 1999) , show that PCO 2 values range from about 10 -3.8 bar to 10 -1.7 bar, with a median of 10 -2.1 bar (Fig. 5a) . The lowest PCO 2 values are close to the PCO 2 equilibrium value of air saturated water and refer to samples taken at the highest altitudes where the soil is virtually absent, while the highest PCO 2 values are consistent with the dissolution of soil gases during infiltration (Chiodini et al., 2000) . The examination of saturation indices (Fig. 5a) show that nearly all the samples are slightly undersaturated with respect to calcite, almost half of the samples are supersaturated in dolomite and all the samples are strongly undersaturated with respect to all the other carbonate minerals. The inspection of the diagram of Fig. 5b show that the Sassolungo samples are characterized by saturation indices of dolomite between -0.5 and 0.75, while the samples of Sella system show a larger variability (from -2.6 to 1.1). The low values of dolomite saturation index observed in some of the Sella samples are probably related to the fast circulation in the small perched aquifers (hosted by the Dolomia Principale Formation) that overlie the main aquifer.
All the samples are slightly undersaturated in quartz, supersaturated with respect to kaolinite, gibbsite and goethite, undersaturated in gypsum and strongly undersaturated in pyrolusite (Fig. 5a) .
The chemical characteristics of sampled waters and the inspection of saturation indices suggest that congruent dissolution of dolomite is the main process governing the composition of most groundwaters. In the samples characterized by lower Mg/Ca ratios, dolomite dissolution is probably accompanied by Mg-calcite dissolution. Even if small amounts of gypsum are revealed by XRD analysis, dedolomitization (dolomite dissolution and calcite precipitation driven by irreversible gypsum dissolution) seems to be irrelevant.
Supersaturation in kaolinite, gibbsite and goethite suggests the possible occurrence of secondary processes like the alteration of small amounts of albite to form clay minerals and the precipitation of Al and Fe oxideshydroxides. Since crystalline phases are less likely to precipitate with respect to amorphous/poorly crystalline solids (e.g., Langmuir, 1997) , Fe and Al concentrations are probably controlled by ferrihydrite and amorphous Al(OH) 3 rather than the stable crystalline phases goethite and gibbsite. All these processes cannot change the com- Seyhan et al., 1985 Longinelli and Selmo (2003) .
(data from Longinelli and Selmo, 2003) distribute along a tight alignment close to the Northern Italy meteoric water line (Longinelli and Selmo, 2003) . The δ 18 O values range from -10.48‰ vs. V-SMOW and -12.20‰ vs. V-SMOW, while δD values range from -74.6‰ vs. V-SMOW and -85.7‰ vs. V-SMOW. The δ 18 O and δD values of Sassolungo samples vary over a larger interval with respect to the Sella group samples, probably because the infiltration area of Sassolungo aquifer is characterized by an irregular morphology with significant altitude variations, in contrast the recharge of the Sella aquifer mainly occurs at the top of the large plateau characterising the massif which has a relatively uniform elevation.
Isotopic composition of inorganic dissolved carbon
The δ 13 C values of total dissolved inorganic carbon (TDIC) range from -12.7 to -1.7‰ vs. V-PDB (Fig. 7) and are consistent with dissolution of dolomite (δ 13 C = 2.54‰ vs. V-PDB on average) in equilibrium with gaseous CO 2 whose δ 13 C composition can vary from -8.5 to -25‰ vs. V-PDB, that is atmospheric CO 2 and CO 2 deriving from biological respiration (Appelo et al., 1984; Tuzson et al., 2011) . During the dissolution process of dolomite, the δ 13 C TDIC and TDIC values and the δ 13 C TDIC / TDIC ratio can significantly change depending on ambient conditions and on the degree of saturation in dolomite. In order to better understand the dolomite dissolution process in the groundwater of Sella and Sassolungo, the δ 13 C TDIC and TDIC values of sampled waters have position of the solutions in terms of major ions but can strongly affect the distribution of some trace elements in groundwater.
Isotopic characterization of groundwater
The tritium content of groundwater, ranging from 8.9 ± 0.1 to 11 ± 0.1 tritium units (TU), is close to that of present-day local rain water (Longinelli et al., 2008) and indicates a relatively short residence time of groundwater in the aquifer systems. Figure 6 shows that oxygen and hydrogen stable isotopes data of sampled springs and weighted means for rainwaters collected at Trento, Ortisei and Rifugio Graffer been compared to those of the theoretical solutions simulating the process of congruent dolomite dissolution in systems respectively open and closed with respect to CO 2 .
All the calculations have been performed at 3°C using the computer model PHREEQC2 (Parkhurst and Appelo, 1999) and the llnl.dat thermochemical database included in the PHREEQC2 package. The llnl.dat file is the PHREEQC2 version of the thermo.com.V8.R6.230 database, an expanded and updated Geochemist's Workbench (Bethke, 2010) version of the LLNL dataset (Delany and Lundeen, 1990) , originally developed for the EQ3/6 code (Wolery, 1979 (Wolery, , 1992 Wolery and Jarek, 2003) .
At first we simulated the evolution of dissolved CO 2 , without taking into account dolomite dissolution, adding in 30 steps 3 mmol of biogenic CO 2 (δ 13 C = -25‰ vs. V-PDB) to the infiltrating water saturated in atmospheric gases at an elevation of 2000 m a.s.l. (PCO 2 = 10 -3.48 bar, δ 13 C TDIC = -7‰ vs. V-PDB). The value of δ 13 C TDIC of infiltrating water was obtained considering a value of δ 13 C = -8.5‰ vs. PDB for atmospheric CO 2 (Tuzson et al., 2011) and the fractionation factors between gaseous CO 2 and TDIC of Friedman and O'Neil (1977) . Then, along the evolution line of infiltrating water, we selected five points corresponding to PCO 2 values of 10 -3.48 (atmospheric PCO 2 ), 10 -3 , 10 -2.5 , 10 -2 , 10 -1.5 bar and, starting from the selected points, we simulated the dissolution of ordered dolomite, both in closed and open system conditions, up to 1 degree of dolomite supersaturation.
In the open system simulations (black lines in Fig. 7 ) the presence of a large CO 2 reservoir is assumed (atmosphere or soil atmosphere) and the PCO 2 is maintained constant during dolomite dissolution. In the closed system simulations (grey lines in Fig. 7 ) it is assumed that the initial load of CO 2 is consumed and not replenished as the dolomite dissolution reaction proceeds. It can be noticed that, starting from the same initial conditions, the open system model lead to larger amount of dissolved dolomite, resulting in higher δ 13 C TDIC and TDIC values with respect to the closed system dissolution model. Fig. 7 ) and in order to explain their δ 13 C TDIC values and TDIC contents it is necessary to consider the closed system dissolution model.(with dolomite saturation indicated by the thick grey line in Fig. 7) .
Trace elements distribution in groundwater and in dolomite samples
Medians and interquartile ranges were used in order to avoid the effects of both data below detection limits and out-layers on the mean values. Box plots have been used for the visual representation of the entire groundwater data set (Fig. 8) . Most of the elements are characterized by a log-normal distribution. By looking at the box-plot in Fig. 8 , the highest solute concentrations are relative to alkaline earth metals (Sr, Ba), some transition metals of the fourth period (Fe, Zn and to a lesser extent Ni, Cu and Mn) and halogens (I, Br), while the lower concentrations refer to the transition metals of the fifth period (Y, Cd) and to the rare earth element (REE) of the lanthanide series. The concentrations of alkaline and alkaline earth metals decrease within each group as atomic number increase (Li > Rb >> Cs; Sr > Ba).
Practically all the samples respect the drinking water standards established by the World Health Organization (WHO) and show trace elements concentrations lower than the European Union (EU) limits for drinking water (European Council, 1998) . The median values are generally one-two orders of magnitude lower than drinking water limits for all the trace elements (Fig. 8) and only one sample slightly exceed the limit of 20 µg/L for Ni (sample 16, Ni = 23.3 µg/L).
In order to quantitatively evaluate the relations between concentrations in groundwater and concentrations in dolomite, we used the enrichment coefficients defined as the inverse of the apparent distribution coefficient D′ (Henderson and Kracek, 1927) , according to the following equation
where T and R are respectively the trace element and a reference element molar concentrations; (T/R) L and (T/ R) S are the ratios of T to R in the liquid and solid phases, respectively. Enrichment coefficients have been computed for those elements with data over the detection limits both for groundwater and rock samples, considering Mg as the reference element. Figure 9 shows that all the alkaline metals and the alkaline earth metals with ionic radii higher than Mg (Sr and Ba) as well as some transition metals (Ni, Cu, Zn) are characterized by 1/D′ > 1. Thus they are enriched in the aqueous solution with respect to Mg. In contrast, other elements are characterized by 1/D′ close to 1 (Ca, V and Mn) or lower (Fe). Al is depleted and Y and REE are strongly depleted in the solutions, while U and Pb are relatively enriched in the aqueous solutions.
The observed enrichments might call for the involvement of other solid sources in addition to dolomite. The presence of small amounts of calcite and gypsum, detected by XRPD analyses, can be invoked to explain the 1/D′ values greater than 1 computed for Sr and Ba and for some divalent transition metals. These elements are typically present in calcite and gypsum where they substitute for Ca (Veizer, 1983; Turekian and Wedepohl, 1961 ). An additional source, in particular for Ni, Zn, Pb and Cu, could be sulphide minerals, which might be locally present. Indeed, several Pb-Zn ores are hosted in the Triassic carbonate platforms of the Dolomites, especially in the Serla Dolomite and in the Cassian Dolomite, typically near their basinal borders (Assereto et al., 1977) .
On the other hand, the Al and Fe depletions of the aqueous solutions are almost certainly controlled by the precipitation of ferrihydrite and amorphous Al(OH) 3 . Additionally, the precipitation of Al and Fe hydroxides can cause the sequestration of other trace elements in the precipitating solid phases.
It is noteworthy that the enrichment factor for calcium is close to 1 indicating that the Mg/Ca ratio of groundwater is close to the Mg/Ca ratio in dolomite. This observation allows to confirm that the congruent dolomite dissolution process is the main reaction occurring in most samples, rather than dedolomitization (dissolution of dolomite and precipitation of calcite driven by irreversible dissolution of gypsum).
CONCLUSION
The main geochemical process characterising the groundwater of Sassolungo and Sella systems is the congruent dissolution of nearly stoichiometric dolomite. For most of the samples dolomite dissolution occurs in an open system with PCO 2 between 10 -2 and 10 -3 bar. During dissolution, trace element ratios in groundwater vary with respect to their ratios in dolomite mineral. The variability of trace elements distribution in groundwater and the values of their enrichment coefficients are almost certainly related to natural processes, in fact the concentrations of nitrate and trace elements are generally low indicating a very low anthropogenic impact.
Alkaline metals and alkaline earth elements larger than magnesium are enriched in the solutions, together with U, Pb and some transition elements (Ni, Cu, Zn), whereas Y and REE are strongly depleted in the solutions. Also Fe and Al result to be depleted in the solution and their concentration seems to be strictly controlled by the precipitation of oxides-hydroxides. On the contrary manganese, that is not controlled by oxides-hydroxides precipitation (all the solution are strongly undersaturated in pyrolusite), show an enrichment coefficient close to 1.
